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Alantolactone and isoalantolactone, main bioactive compounds that are present in many medicinal plants such as Inula helenium,
L. Inula japonica, Aucklandia lappa, Inula racemosa, and Radix inulae, have been found to have various pharmacological actions
including anti-inflammatory, antimicrobial, and anticancer properties, with no significant toxicity. Recently, the anticancer activity
of alantolactone and isoalantolactone has been extensively investigated. Here, our aim is to review their natural sources and their
anticancer activity with specific emphasis on mechanism of actions, by which these compounds act on apoptosis pathways. Based
on the literature and also on our previous results, alantolactone and isoalantolactone induce apoptosis by targetingmultiple cellular
signaling pathways that are frequently deregulated in cancers and suggest that their simultaneous targeting by these compounds
could result in efficacious and selective killing of cancer cells. This review suggests that alantolactone and isoalantolactone are
potential promising anticancer candidates, but additional studies and clinical trials are required to determine their specific
intracellular sites of actions and derivative targets in order to fully understand the mechanisms of therapeutic effects to further
validate in cancer chemotherapy.

1. Introduction

Plants have a long history of use in the treatment of cancer
and there are more than 3000 plant species that have been
used in the treatment of cancer [1]. There is a continued
interest in the investigation of extracts of microorganisms,
terrestrial plants, and marine life forms to search for anti-
cancer compounds [2]. Herbal medicines, as an important
novel source with a wide range of pharmaceutical potential,
are being used for the treatment of human ailments including
almost all kinds of cancer [3]. Indeed, molecules derived
from natural sources have played and continued to impart
a dominant role in the discovery of compounds for the
development of conventional drugs for the treatment of most
human diseases [4].

Many herbal medicines, such as paclitaxel, camptothec-
in, vinca alkaloids, and etoposide hold great potential as

promising agents for the treatment of cancer [2]. As these
and many other natural products have traditionally provided
a rich source of drugs for cancer, so plants have always
been considered as important sources of natural products [5].
Although different approaches are available for the discovery
of novel and potential therapeutic agents, even then natural
products from medicinal plants are still one of the best
reservoirs for novel agents with new medicinal activities [6].
Many medicinal plants belong to genera of family Asteraceae
(Compositae), and angiosperms are reported for sesquiter-
pene lactones (SLs) [7]. SLs belong to a representative class of
the biologically active components [8–10]. These are known
to possess cytotoxic, anti-inflammatory, antiviral, antifungal,
antineoplastic, and antiparasitic activities [11–13].

Sesquiterpene isolates (alantolactone, isoalantolactone,
and 5-epoxyalantolactone present in I. helenium) present
a significant increase of QR activity in liver, kidney, small
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Figure 1: Chemical structure of alantolactone (a) and isoalantolactone (b) and natural sources.

intestine, and stomach [14] and showed antiproliferative
activities against MK-1, HeLa, and B16F10 cells [15]. The
extensive structural diversity and potential biological activ-
ities of this class have ignited further interest among the
chemists and biologists. This review summarizes the recent
researches on alantolactone and isoalantolactone focusing
on anticancer activity. The literature was screened through
various e-sites including PubMed, Scopus, and Elsevier Sci-
ence Direct Journal. Access to the Elsevier Science Direct
Journal was made possible through library of Northeast
Normal University, Changchun, China. The literature search
mainly focused on recent advances and additional manual
searches were carried out on relevant medical journals
and the Google Search Engine. Key words used for search
were “alantolactone,” “isoalantolactone,” “anticancer activity,”
“cancer therapy,” “cytotoxicity,” and “medicinal plants.” The
data collected is from primary sources and/or from data that
superseded earlier work.

2. Natural Sources

Alantolactone and isoalantolactone (Figure 1) have been iso-
lated from many species of plants, including Inula Helenium
L. [14, 16–22], Inula japonica [23], Aucklandia lappa, [24],
Inula racemosa Hook. F Pushkarmula (Compositae) [18],
Inula royleana [21],Rudbeckia subtomentosa Pursh [25],Radix
inulae, and from Liuwei Anxian San [26]. The phytocon-
stituent from these plants was extracted by HPLC, micel-
lar electrokinetic chromatography (MEKC), microemulsion
electrokinetic chromatography (MEEKC), and their struc-
tures were elucidated on the basis of NMR analysis.

3. Biological Activities

Despite the limited data that is available for their biological
applications, alantolactone and isoalantolactone have sound
medicinal importance. Studies on alantolactone and isoalan-
tolactone showed larvicidal activities [25, 27]. It presents its
capability as a better sensitizer for allergic contact dermatitis
[20]. Alantolactone and isoalantolactone have been reported
for their wide spectrum of biological effects, including
antifungal, anthelmintic activities, [28, 29], antimicrobial
activities [22, 30], anti-inflammatory activities [24, 31], antit-
rypanosomal activities [31], and antiproliferative effects on
several cancer cell lines, such as colon, melanoma, ovary,
prostate, lung, and leukemia [15, 32]. In addition, isoalan-
tolactone protects against Staphylococcus aureus pneumonia
[33]. This review will focus on the mechanisms by which
alantolactone and isoalantolactone act on apoptosis pathways
in cancer that have been characterized thus far, including
other pathways like caspase-mediated common pathway, and
regulation of apoptosis-related proteins. These breakthrough
findings may have important implications for targeted can-
cer therapy and modern applications of alantolactone and
isoalantolactone.

4. Targeting Apoptosis Pathways in Cancer
with Alantolactone and Isoalantolactone

Apoptosis is defined as an extremely synchronized mode
of cell death. It is characterized by distinct morphologi-
cal features, including chromatin condensation and nuclear
fragmentation [34, 35].The importance of signaling has been
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recognized in cell regulation during normal and disease
[36, 37]. Accumulated data [38–45] suggest that various
anticancer chemopreventive agents can induce apoptosis
which in turn induce death in cancerous cells. Fulda and
Debatin, 2006 [46] reported that two main pathways are
involved to initiate apoptosis, the intrinsic or mitochondrial,
and the extrinsic or death receptor pathway; both pathways
eventually activate the same effectors caspases and apoptosis
effectors molecules. Fas, TRAIL, and TNF receptors are
highly specific physiological mediators of the extrinsic sig-
naling pathway of apoptosis. Cross-linking of death receptors
either with their natural ligands (e.g., FasL, TRAIL, and TNF-
𝛼) or with agonistic antibodies (such as anti-APO-1) induces
a sequential activation of availability of high throughput
assays, based on the above-said molecular targets which
has enhanced the process of drug discovery for regulating
these pathways [47]. Extensive studies have revealed that
alantolactone and isoalantolactone both induce apoptosis
in various tumor cells. Alantolactone isolated from Inula
helenium (Compositae), a traditional Chinese medicinal
herb, provides an effective inhibitory activity for cell growth
against MK-1, HeLa, B16F10, and K562 cell lines [15, 48].
Many other human cancer cell lines, including U87 glioma
cells [49], Bel-742, SMMC-7721 and HepG2 liver cancer cells
[50, 51], PANC-1 pancreatic carcinoma cells [52], A59 lung
cancer cells [53], colon adenocarcinoma HCT-8 cells [45],
CNS cancer cell line SF-295, leukemia HL-60 [32], Hepa1c1c7
cells, BPRc1 Hepatic cancer cells [20], and HCT-8 colon
cancer cells [45], have also been reported for apoptosis caused
by alantolactone. Moreover, it has also been reported that
isoalantolactone induces anti-inflammatory activity against
lipopolysaccharide (LPS)-stimulated RAW 264.7 cells [24].

Isoalantolactone, isolated from Inula helenium, exhibits
antiproliferative activities against various cancer cells such
as MK-1, HeLa, and B16F10 cells [15]. The increase in the
activity of QR biomarker enzyme of phase 2 antioxidant
enzymes is attributed to the presence of the isoalantolactone.
This change in the activity of an enzyme reciprocally affects
the expression of other detoxifying/antioxidant enzymes and
thus enhanced the levels of GR, GGCS, GST-Pi, and HO-1
[14, 19, 20]. Contrary to its cytotoxic reports, in vitro studies
in CD1 mice at IAL dose of 100mg/kg body weight showed
that IAL does not induce any acute or chronic toxicity in liver
and kidney thus suggesting that isoalantolactone may be a
safe chemotherapeutic candidate for the treatment of human
pancreatic carcinoma [52].

This review further focuses on the mechanisms by
which alantolactone and isoalantolactone act on apoptosis
pathways in the different types of the cancer cells that
have been characterized. The different signaling pathways
(death receptor-mediated pathway, mitochondria-mediated
pathway, caspase-mediated common pathway, and regulation
of apoptosis-related proteins) that are highly related to the
presence or absence of alantolactone and isoalantolactone
have been discussed briefly.

4.1. Targeting Cancer Cells byMitochondria-Mediated Apopto-
sis. Mitochondria have become an important component of

the apoptosis execution machinery, which contain proapop-
totic proteins (e.g., cytochrome c) [34]. It has been elucidated
that the depolarization of the mitochondrial membrane
potential results in the mitochondrial swelling and subse-
quent release of cytochrome c from the intermitochondrial
membrane space into the cytosol [54]. It is becoming increas-
ingly apparent that the mitochondria play a fundamental
role in the processes leading to cell death [55]. Several
reports reveal that the effects of alantolactone on the intrinsic
pathway of apoptosis have been examined in many cell
lines, including human leukemia K562 cells [56, 57], human
hepatoma HepG2 cells [50, 51], and glioblastoma U87 cells
[49]. Isoalantolactone significantly reduced the mitochon-
drial potential (ΔΨm) in pancreatic carcinoma PANC-1 cells
[52]. We recently showed that treatment with alantolac-
tone and isoalantolactone induced apoptosis by increasing
translocation of cytochrome c from mitochondria to cytosol
and activation of caspase-3 in HepG2, PANC-1, and U87
cell lines [49, 50, 52]. In addition, it has been investigated
by many researchers that alantolactone initiated apoptosis
through cytochrome c/caspase-3/PARP in leukemia K562
cells [56, 57].

4.2. Targeting Cancer Cells by ROS-Mediated Apoptosis. ROS
are well known mediators of intracellular signaling of cas-
cades. The excessive generation of ROS can induce oxidative
stress, loss of cell functioning, and apoptosis [58]. The
interaction between members of the Bcl-2 protein family
regulates the apoptosis throughmitochondrial pathway. ROS
can also be involved in the process of lipid peroxidation
and/or the cross-linking of thiol groups in proteins; both of
these processes can induce the opening of the mitochondrial
permeability transition pore (PTP) [59, 60]. Current studies
demonstrated that ROS plays an important role in depolar-
izing mitochondria and alantolactone- and isoalantolactone-
induced apoptosis in different types of cancer cells [49, 50,
52]. Moreover, the elevation in the activities of caspases
suggests that apoptosis of cancer cells induced by n-hexane
fraction of sesquiterpene is mediated through activation of
proteases [32]. These proteases act on specific substrates
leading to the degradation of PARP and other cytoskeletal
proteins, which are responsible for many of the morpho-
logical and biochemical features of apoptosis in cancer cells
[32, 49–52]. Activated caspases might target the permeabi-
lized mitochondria, resulting in the loss of mitochondrial
membrane potential concomitant with increased production
of ROS, and this activity eventually causes disruption of
membrane integrity [58]. In addition, our findings also
demonstrated the sensitivity of tumor cells to alantolactone
that appears as a result of GSHdepletion andROS production
[49]. Further studies reveal that apoptosis induction more
or less depends on many factors like increase in ROS,
oxidation of cardiolipin, reduced mitochondrial membrane
potential, and release of cytochrome c [49]. Khan et al. [52]
have explained the involvement of ROS in isoalantolactone-
mediated apoptosis. The specific ROS inhibitor, N-Acetyl
Cysteine (NAC) restored cell viability and completely blocked
apoptosis mediated by isoalantolactone in PANC-1 cells. The
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activation of p38 MAPK and Bax is directly dependent on
ROS generation.

4.3. Targeting Cancer Cells by Caspase-Mediated Apoptosis.
The caspases, a family of cysteine proteases, are one of the
focal executors of the apoptotic process via triggering of the
death receptors and mitochondrial pathways to accomplish
the programmed cell death [61].

Caspases are present in the form of inactive zymogens
that are activated during apoptosis. Among them, caspase-3
is a frequently activated death protease, catalyzing the specific
cleavage ofmany key cellular proteins [62, 63]. Several studies
reveal effects of alantolactone and isoalantolactone on expres-
sion of caspases. We and others report that alantolactone
induces apoptosis in HepG2 cells by activation of caspase-
3 and modulating the level of Bcl-2 protein family [50, 51].
Moreover, Lei et al. demonstrate that caspase-8 activation
is associated with alteration of Bid in liver cancer cells [51].
Furthermore, the cleavage of specific substrates for caspase-
3, poly (ADP-ribose) polymerase (PARP), is involved in
alantolactone-induced apoptosis in various cancer cells [49–
51, 56, 57]. Interestingly, during early apoptosis the release
of caspase activating proteins is primarily regulated by Bcl-2
protein family, an important regulator of apoptosis. Among
these proteins, overexpression of proapoptotic protein Bax
induces the release of cytochrome c from the mitochondria.
It is considered an important event that affects apoptosis
mediated by mitochondrial pathway [64].

4.4. Targeting Cancer Cells by Regulating Apoptosis Related
Proteins. There are well-known targets at the signaling levels
that have been identified to proliferate cancer cells. It is
believed that in normal cells certain cellular signals control
and regulate their growth and all other growth mechanisms.
When these signals are altered due to various mutations
that prevent cells from undergoirs apoptosis, normal cells
are transformed into cancerous cells and undergo hyperpro-
liferation. Therefore, to arrest cancerous cell proliferation,
regulation of apoptosis and its signaling pathways play a
critical role [65–67]. Next, we reviewed the effects of various
signaling pathways that have been reported in alantolactone-
and isoalantolactone-induced apoptosis have been summa-
rized in Figure 2 and Table 1.

4.4.1. p53. p53, a transcription factor, is considered as a
“guardian of the genome” plays a crucial role in the regulation
of cell cycle progression, checkpoint activation [68], and
assume that this may favor apoptosis [69] and repair of
DNA damage [70]. As a multitasking agent it is important
for the suppression of tumor formation, as well as for
mediating the cellular responses to many standard DNA
damage inducing cancer therapies [71, 72]. It has also been
documented that targeting p53 pathway, which is frequently
deregulated in cancer, by anticancer agents could result
in efficacious and selective killing of cancer cells [39].
We and others have shown that alantolactone significantly
increased the expression of p53 in HepG2 cells [50, 51]
with concomitant increase of its downstream target, the

cyclin-dependent kinase inhibitor p21 in adriamycin (ADR)-
resistant human erythroleukemia cell line K562/ADR [57].
This behavior may lead to cell cycle arrest and up regulate
Bax expression [50, 51, 57]. In addition, it also documented
that alantolactone induced cell-cycle arrest in the G2/M
phase via down-regulation of cyclin B1 and cyclin-dependent
protein kinase 1 [57]. Interestingly, our unpublished data
showed that isoalantolactone isomer of alantolactone can
induce apoptosis in prostate cancer PC3, null p53 cells, which
indicate that isoalantolactone may induce p53-independent
apoptosis. Further studies are required to define an obvious
role of p53 in alantolactone- and isoalantolactone-induced
apoptosis and cell cycle arrest in cancer cells.

4.4.2. NF-𝜅B. NF-𝜅B1 (p50), NF-𝜅B2 (p52), c-Rel, RelB,
and RelA (p65) collectively constitute NF-𝜅B family [73].
NF-𝜅B and other signaling pathways that are involved in
its activation are highly significant in tumor development
[74]. This assumption relies on inferred evidences, such as
the frequent presence of constitutively activated NF-𝜅B in
diverse solid malignancies and the well established ability
of NF-𝜅B to upregulate production of key proinflammatory
cytokines and enzymes. Other agents such as TNF-𝛼, IL-1,
IL-6, and COX-2,5 in an inflammatory microenvironment
are involved in tumor progression, incursion of adjoining
tissues, angiogenesis, and metastasis [75]. The expression
of many genes is also regulated by NF-𝜅B. This regulation
ultimately suppresses tumor cell death, enhances epithelial
to mesenchymal transition, and also stimulates tumor cell
cycle progression [75]. NF-𝜅B inhibits apoptosis by induc-
ing the expression of Bcl-2 family members and caspases
inhibitor [76]. NF-𝜅B helps to induce proteolytic matrix
metalloproteinases (MMPs) enzyme that promote tumor
invasion. Moreover, IKKa promotes metastasis in prostate
cancer through inhibition of mammary serine protease
inhibitor (maspin) [77, 78]. NF-𝜅B activation also stimulates
angiogenesis, probably by inducing expression of IL-8 and
vascular endothelial growth factor (VEGF) [74]. In short,
these studies validatedNF-𝜅B as a unique and novel target for
cancer therapy. These studies also stimulate the motivation
and dedicated insight for developing small-molecule NF-𝜅B
inhibitors. It is consider as a transcription factor activated
in various neoplasms [79]. Detailed study of the literature
validated that NF-𝜅B signaling pathways played critical role
in a wide variety of physiological and pathological processes.
It is involved in promoting cell survival through induction of
target genes.The products of cell survival inhibit components
of the apoptotic machinery in normal and cancerous cells
[80]. NF-𝜅B protein stimulates the cell survival and promotes
cell proliferation, and its increased activity is positively
associated with many cancer types [81, 82]. Hence, inhibition
of NF-𝜅B can induce apoptosis in cancer cells, offering a
promising strategy for the treatment of differentmalignancies
[39].

Many studies have been carried out whether alanto-
lactone treatment inhibits expression of NF-𝜅B or not.
Alantolactone is reported to affect nuclear factor 𝜅B (NF-
𝜅B) signaling, the phosphorylation of inhibitory 𝜅B (I𝜅B)-
𝛼, and I𝜅B kinase (IKK) is inhibited by alantolactone, which
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Figure 2: Alantolactone (AL) and isoalantolactone (IAL) target multiple cell signaling pathways. AL and IAL inhibit various targets including
transcription factors, enzymes, growth factors and its receptors, kinases, and antiapoptotic proteins. Note: iNOS, inducible nitric oxide
synthase; NO, nitric oxide; HO-1, heme oxygenase-1; GST, glutathione-S-transferase; NADP-2; NADH quinone oxidoreductase 1 NAD(P)H
dehydrogenase, quinone1; NF-𝜅B, nuclear factor kappa B; TNF-R1, TNF receptor-associated factor-1; AP-1, activating protein-1; Bcl-2, B-cell
lymphoma protein 2; BAX, Bcl-2-associated X protein; Bid, BH3-interacting domain death; GST, glutathione-Stransferase; GR, glutathione
reductase; GGCS, gamma-glutamyl cystein synthetase; PI3 K, phosphoinositide 3-kinase; ERK, extracellular receptor kinase; PARP, poly
(ADP-ribose) polymerase; IKK, I𝜅B-𝛼, kinase-alpha; IKK, I𝜅B-𝛽, kinase-beta; p38MAPK, mitogen-activated protein kinases; and JNK, c-
Jun N-terminal kinases.

Table 1: Molecular targets of alantolactone in different cancer types.

Cancer type Cell lines EC50/concentration Molecular targets References

Liver HepG2, Bel-7402,
SMMC-7721 40 𝜇M Bax/Bcl-2↑, caspase-3↑, STAT3⊥,

caspase-8↑, MMP↓, Bid↑, NF-𝜅B/p65↓ [50, 51]

Glioblastoma U87 20 and 40 𝜇M p53↑, Bax↑, Bcl-2↓, caspase-9↑, caspase-3↑,
ADP-ribose↓, NF-𝜅B⊥, ROS↑ [49]

Colon HCT-8 5𝜇g/mL activin/SMAD3 signaling↑,
Cripto-1/ActRII⊥ [45]

Leukemia HL-60, K562,
K562/ADR 10, 25, and 50𝜇g/mL

ROS↑, cytochrome-c↑, Bax↑, PARP↓,
ADP-ribose↓, NF-𝜅B⊥, DNA-binding↓,
I𝜅B𝛼 phosphorylation↑, p21↑, Bcr/Abl↓,

P-glycoprotein↓, cyclin B1↓,
cyclin-dependent protein kinase-1↓,

[32, 56, 57]

Lung A549 6.25, 12.5, and
25 𝜇M/L — [53]

Other cancers MK-1, HeLa, and
B16F10 — — [15]

↓: Downregulation; ↑: Upregulation; ⊥: Inhibition.

subsequently translocates the p65 and p50 NF-𝜅B subunits to
the nucleus [49]. Alantolactone exerts an anti-inflammatory
effect in LPS-stimulated RAW 264.7 cells by suppressing NF-
𝜅B activation and MAPKs phosphorylation via downregula-
tion of the MyD88 signaling pathway as well [24]. Another
study demonstrates that alantolactone treatment on human
liver cancer cells decreases NF-𝜅B/p65 levels in a dose-
dependent manner [51]. Using immunoblot analysis, Chun
et al. [24] also observed that alantolactone treatment of cells
resulted in a significant decrease inNF-𝜅B/p65 protein.Other
previous reports suggested that NF-𝜅B is also an important
transcription factor in regulating the expression of iNOS,
COX-2, and inflammatory cytokines [75]. It was observed
that alantolactone suppresses the expression of iNOS and

COX-2 through the attenuation of the DNA-binding activity
of the transcription factor NF-𝜅B [24]. However, the effects of
alantolactone on NF-𝜅B target genes, including IAP1, IAP2,
XIAP, cFLIP, survivin, and TRAF1, have not been elucidated
yet, while isoalantolactone is not reported yet to affect nuclear
factor 𝜅B (NF-𝜅B) signaling.

4.4.3. PI3K-Akt. Phosphatidylinositol 3-kinase/Akt pathway
is reported to regulate a number of cellular processes, such as
cell proliferation, cell growth [83], apoptosis, and rearrange-
ment of cytoskeleton [84]. As an important intracellular path-
way it is frequently overexpressed in a wide variety of epithe-
lial malignancies [85]. It is supposed that the overexpression
of Akt is associated with poor prognosis, tumor progression,
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and resistance to systematic therapy. In gastric cancer cells
phosphorylation of Akt mainly upregulates the expression of
Bcl-2 and downregulates the expression of Bax [85]. As phos-
phatidylinositol 3-kinase/Akt pathway is considered a main
target of most anticancer agents, recently many researchers
have focused on the PI3K/Akt pathway as a potential target
for therapeutic strategies against cancer. Studies have shown
that alantolactone attenuated the phosphorylation of Akt
and inhibited the expression of MyD88 and TIRAP proteins
associated with the MyD88-dependent pathway [24]. The
effect of alantolactone on the phosphatidylinositol 3-kinase
(PI3K)-Akt pathway is associatedwith theMyD88-dependent
pathway [24].These findings showed that AL rapidly induces
the phosphorylation of Akt after the stimulation and it can be
used as a potent inhibitor against cancer cells.

4.4.4. Nuclear Factor-E2-Related Factor 2 (Nrf2). Nuclear
factor-E2-related factor 2 (Nrf2) is a potential molecular
target for cancer chemoprevention by natural compounds
[86]. It has been documented that alantolactone stimulated
the nuclear accumulation of Nrf2 in the presence of inhibitor
phosphatidylinositol 3-kinase (PI3K). Nuclear translocation
of Nrf2 is also activated by isoalantolactone. With increasing
the dose of isoalantolactone the nuclear level of Nrf2 was
enhanced. In addition, isoalantolactone is reported as a
potential candidate for chemoprevention, and by stimulating
the accumulation of NrF2 in the nucleus it acts as potent
phase 2 enzyme inducer. After translocation in nucleus, Nrf2
by interacting with ARE sequences plays a major role in
transcriptional activation of phase 2 detoxification enzymes.
Like most phase 2 enzyme inducers, isoalantolactone also
stimulates nuclear translocation of Nrf2 in Hepa1c1c7 and
BPRc1 cells. Isoalantolactone also found to induce QR in a
dose-dependentmanner and stimulates translocation of Nrf2
in the cells [19, 20].

4.4.5. Cripto-1 and Activin Signaling Pathway. The deregu-
lation of activin signaling contributes to tumor formation.
Activin signaling is blocked in cancer cells due to the com-
plex formed by Cripto-1, activin, and activin receptor type
II (ActRII). The alantolactone treated mammalian hybrid
system suggested that it induced activin/SMAD3 signaling in
human colon adenocarcinomaHCT-8 cells. Furthermore, the
antiproliferative function of alantolactone is activin/SMAD3
dependent, thus alantolactone performs its antitumor effect
by interrupting the interaction between Cripto-1 and the
activin receptor type IIA in the activin signaling pathway [45].

4.4.6. STAT3. Signal transducer and activator of transcrip-
tion 3 (STAT3) has been implicated in many processes
including development, differentiation, immune function,
proliferation, survival, and epithelial to mesenchymal tran-
sition (EMT) [87, 88]. In addition, constitutive activation of
STAT3 has been reported in many cancers [87–93]. During
EMT many proteases are upregulated and cell adhesion
molecule expression is altered to allow for more invasive
phenotypes [94, 95]. Therefore, these cumulative observa-
tions have validated STAT3 as a novel target for cancer

therapy, and hence provided the rationale for developing
small-molecule STAT3 inhibitors. We have recently reported
that alantolactone inhibits STAT3 activation in HepG2 cells
[50], but more investigations are required to fully address the
role of alantolactone and isoalantolactone on STAT3 and its
regulated gene products in cancer cells.

5. Concluding Remarks and
Future Perspectives

In this review, we summarized the recent progress of both
alantolactone and isoalantolactone with cytotoxic activities.
Many studies have shown that alantolactone and isoalanto-
lactone induce apoptosis of many types of cancer cells. How-
ever, reports on underlying mechanism of actions of these
compounds are limited. According to the literature and also
to our previous results, data compiled in Table 1 summarize
the major molecular targets that have been characterized
thus far. In vivo toxicological studies on alantolactone and
isoalantolactone demonstrated that these compounds did not
induce significant hepatotoxicity and nephrotoxicity in mice,
and their ability to cross the blood brain barrier. References
[49, 50, 52] provides evidence that these are potential lead
compounds for future anticancer drug development or may
serve as chemical templates for the design, synthesis, and
semisynthesis of new substances for the treatment of cancer.
Further investigations are needed on how they specifically
induce apoptosis in cancers and spare normal cells. Addi-
tional studies are yet required to elucidate the full spectrum
of cytotoxic activities of these compounds to validate in
preclinical and clinical applications and to make clear the
potential role of alantolactone and isoalantolactone as potent
anticancer agents.
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